Introduction
humidity and under 12 h dark/12 h light with 200 mol m -2 sec -1 photon flux density supplied by high-output white fluorescent tubes.
23
For host interaction studies, both oat cultivars were inoculated with Blumeria 24 graminis f.sp. avenae race 5. For non-host interactions cultivar Selma was inoculated
25
with Blumeria graminis f.sp. hordei isolate CC1 according to Prats et al. (2005) .
27

Microscopic observations
28
For histological studies, leaves were fixed at 48 hours after inoculation and 29 cleared as described by Carver et al. (1994) . Fungal structures were stained with aniline 30 blue in lactoglycerol (0.1%) according to Lyngkjaer and Carver (1999) . Observations
31
were made with a Leica DM LS phase contrast microscope (Leica Microsystems) fitted 32 with differential interference contrast and incident fluorescence attachments (blue exciter filter, max transmittance 480 nm; dichroic mirror and barrier filter transmittance 1 >530 nm).
3
Polyamine quantification 4
The standard polyamines, putrescine, spermidine,spermine and 1-3,diamino 5 propane (DAP) were obtained as their hydrochlorides (Sigma) whereas agmatine was 6 obtained as its sulfate (Sigma) and norspermidine was used as free base (Aldrich). At 12, 24 and 48 hours after inoculation oat leaves were fixed in liquid nitrogen and stored 8 frozen until use. Plant extracts were obtained by homogenizing the plant tissue in 9 perchloric acid (0.1 w/v) according to Flores and Galston (1982) . Standards and plant extracts were benzoylated according to Redmond and Tseng, (1979) . High performance 11 liquid chromatography analysis of benzoyl-PAs was performed according to Slocum et 12 al. (1989) , using an Agilent 2100 Series HPLC.
14
Analysis of arginine decarboxylase activity
15
Arginine decarboxylase activity in the leaf extract was determined as previously described by (Tiburcio et al., 1986) 
26
Tween 20 in water. Treatment was applied twice a day during two days and the third 27 day plants were inoculated and fixed for microscopic inspection.
28
In addition a second polyamine application was performed by removing the 29 abaxial leaf epidermis and floating the leaf segments on solution, to bathe the mesophyll
30
and facilitate a wide access of polyamine solution to the adaxial (inoculated) epidermis (Lyngkjaer et al., 1997; Zeyen et al., 2002b) . Therefore, the abaxial epidermis was 32 removed and the central 30 mm leaf segment was excised and floated adaxial (intact) solution 1mM of each polyamine contained in wells of multi-compartment boxes.
31
1
Segments were held for 1 h for uptake before inoculation using a settling tower placed 2 directly over the floating segments. Transparent lids were fitted to the boxes which were 3 placed in the growth cabinet for 36 hours incubation before segments were fixed as 4 stated above.
6
Statistic
7
Five replications were used for experimentation. For statistical analysis,
8
percentages from microscopy studies were transformed to arcsine square roots to 9 normalize data and stabilize variances throughout the data range. Data were subjected to 10 analysis of variance using SPSS sofware, after which residual plots were inspected to 11 confirm data conformed to normality. Significances of mean differences were assessed 12 following contrast analysis (Scheffe's).
14
Results
15
Microscopic characterization of resistance responses to Bga attack
16
Histological characterization shown in Table 1 hours after inoculation although a significant decrease was observed at 48 hours after inoculation ( Fig. 2A) .
12
Polyamine content and arginine decarboxylase activity in oat leaves following Bgh
13
attack (non-host interaction)
These changes were correlated with an increase in agmatine also at very early stages of the oat-Bgh interaction (Fig. 3) . Interestingly also an increase in norspermidine was observed at late stages of the interaction ( Charming could be near to the maximum threshold at which it exerts its influence.
4
Furthermore an increase in spermidine was also observed in Charming at time of papilla 5 formation and its exogenous application also lead to an increase in penetration 6 resistance. Thus, the combined levels of putrescine and spermidine or a synergistic 7 effect might explain at least in part the higher penetration resistance observed in 8
Charming. The time at which the increase in polyamines was observed fit with the time 9 at which penetration mechanisms are engaged during the oat-Bga interaction.
Interestingly, an increase in DAP was observed early, at 12 hours after inoculation Since DAP is formed by spermine oxidation mediated by polyamine oxidase, data suggest that the H 2 O 2 generated might contribute to the localized oxidative burst which 
27
A direct fungi toxic role could also be attributed to polyamines since high 28 abundance of these compounds in the epidermal cells following bath of mesophyll cells 29 in polyamines solutions lead to abnormal fungal development at the very early stages.
30
Since one of the functions of the PGT is to gain access to water and other host 31 components directly through epidermis (Carver and Bushnell, 1983) , polyamines could 32 entry early into the fungus and exert a toxic effect. Polyamines are important regulators 33 of growth and differentiation in higher eukaryotic organisms including fungi (Pegg, 1988; Walters, 1995) . It has been described that whereas polyamine depletion in fungal 
27
Norspermidine levels were not changed during the host interaction oat-Bga. However, 
18
Data are mean of 5 replicates + standard error. *, ** indicate significant differences at 
